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COMPOSITIONS AND METHODS FOR ACTIVATING 

GENES OF INTEREST 



RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 
60/050,772, filed June 25, 1997. 

FIELD OF THE INVENTION 

The present invention relates to methods and compositions for activating 
genes of interest particularly in the presence of a target gene. 



BACKGROUND OF THE INVENTION 

The nature of and basic approaches to cancer treatment are constantly 
changmg. At present, adjuvant chemotherapy routinely foUov^s local treatment of 
cancers. Clinical protocols are now exploring genetic therapies, manipulations of 
the immune system, stimulation of normal hematopoietic elements, induction of 
differentiation in tumor tissues, and inhibition of angiogenesis. Research in these 
new areas has led to applications for nonmalignant disease. 

At the same time, the new clinical protocols have a narrow therapeutic 
index as well as a great potential for causing harmful side effects. A thorough 
understanding of the pharmacology, drug interactions, and clinical 
pharmacokinetics is essential for safe and effective use in human beings. 

The therapy of viral infection is in its infancy. Bacterial infection is 
typically treated with agents, such as antibiotics, which take advantage of the 
differences in metabolism between the infecting organism and its host. However, 
viruses largely employed the host's own enzymes to effect the replication, and 
thus leave few opportunities for pharmacological intervention. By employing 
strong regulatory elements, the virus obtains transcription and translation of its 
own genes at the expense of host genes. 

In mammals, viral infection is combatted naturally by cytotoxic T- 
Ijrmphocytes, which recognize viral proteins when expressed on the surface of 
host cells, and lyse the infected cells. Destruction of the infected cell prevents 
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the further replication of the virus. Other defenses include the expression of 
interferon, which inhibits protein synthesis and viral budding, and expression of 
antibodies, which remove free viral particles from body fluids. However, 
induction of these natural mechanisms require exposure of the viral proteins to 
the immune system. Many viruses exhibit a dormant or latent phase, during 
which little or no protein synthesis is conducted. The viral infection is 
essentially invisible to the immune system during such phases. 

Retrovuoises carry the infectious form of their genome in the form of a 
strand of RNA. Upon infection, the RNA genome is reverse-transcribed into 
DNA, and is typically then integrated into the host's chromosomal DNA at a 
random site. On occasion integration occurs at a site which truncates a gene 
encoding an essential cellular receptor or growth factor, or which places such a 
gene under control of the strong viral cis-acting regulatory element, which may 
result in transformation of the cell into a malignant state. 

Viruses may also be oncogenic due to the action of their trans-acting 
regulatory factors on host cell regulatory sequences. In fact, oncogenesis was the 
characteristic which led to the discovery of the first known retroviruses to infect 
humans. HTLV-I and HTLV-II (human T-lymphotrophic vimses I and II) were 
identified in the blood cells of patients suffering from adult T-cell leukemia 
(ATL), and are believed to induce neoplastic transformation by the action of their 
transactivating factors on lymphocyte promoter regions. Two additional 
retroviruses have been foimd to infect humans. These viruses, HIV-I and HIV-II, 
are the etiological agents AIDS. 

Current therapy for HIV infection includes new drugs called protease 
inhibitors. These drugs can dramatically reduce HIV levels in the blood when 
taken with other antiviral compounds such as AZT. At the same time, natural 
weapons in the inmiune systems' s defenses polypeptide molecules called 
chemokines, have been unveiled as potent foes of HTV. 

Antisense oligodeoxynucleotides have been proposed as a major class of 
new pharmaceuticals. In general, antisense refers to the use of small, synthetic 
oligonucleotides resembling single-stranded DNA, to inhibit gene expression. 
Gene expression is mhibited through hybridization to coding (sense) sequences in 
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a specific messenger RNA (mRNA) target by Watson-Crick base pairing in 
which adenosine and thymidine or guanosine and cytidine interact through 
hydrogen bonding. 

Following the simple base-pairing rules which govern the interaction 
between the antisense oligodeoxynucleotides and the cellular RNA, allow the 
design of molecules to target any gene of a known sequence. A major adveintage 
of this strategy is the potential specificity of action. In principal, an antisense 
molecule can be designed to target any single gene within the entire human 
genome, potentially creating specific therapeutics for any disease in which the 
causative gene is known. As a result, there have been numerous applications of 
antisense oligodeoxynucleotide (ODN) activity for potential antiviral and 
anticancer applications. 

Antisense ODNs offer the potential to block the expression of specific 
genes within cells. Despite numerous reports of apparent antisense inhibition of 
gene expression in cultured cells, only in a few cases has specific inhibition been 
rigorously demonstrated. In many studies, specificity has been inferred from the 
biological effects of antisense as compared to control ODNs, without measuring 
levels of target RNA or proteins to evaluate specificity. Unintended side-effects 
of antisense technology could potentially occur through a number of mechanisms. 
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The potential of oligonucleotides as modulators of gene expression is 
currently under intense investigation. Most of the efforts are focused on 
inhibiting the expression of targeted genes such as oncogenes or viral genes. The 
oligonucleotides are directed either against RNA (antisense oligonucleotides) or 
against DNA where they form triplex structures inhibiting transcription by RNA 
polymerase II. To achieve a desired effect, the oligonucleotides must promote a 
decay of the preexisting, undesirable protein by effectively preventing its 
formation de novo. 

There is therefore a need for the development of new antisense methods 
that are more potent, reliable and specific than those used in previous studies. 

SUMMARY OF THE TNVENTTmv 

Compositions and methods for activating the expression of a gene of 
interest is provided. The compositions are antisense masked expression cassettes 
which comprise a double stranded nucleotide sequence. A first strand comprises 
an armed expression cassette, i.e., an RNA molecule which codes for a protein of 
interest linked downstream of a flanking sequence and a translation initiation site 
operably inserted upstream of the RNA sequence. The flanking sequence 
encodes a target molecule. That is, the flanking sequence encodes a target gene 
or codes for RNA of interest. The flanking sequence corresponds to the "sense" 
strand of the target. A second nucleotide strand is also provided, capable of 
hybridizing to the flanking sequence of the first nucleotide sequence; i.e., the 
antisense strand. The antisense strand masks the translation initiation site when 
bound. The flanking sequence can be designed so that the antisense sequences 
do not share 100% homology with the flanking sequence. Thus, in the presence 
of a target nucleotide molecule, the antisense strand will favor complementary 
binding with the target. In this manner, the antisense strand will disassociate 
from the armed strand and pair with the target. Disassociation of the antisense 
strand unmasks the ribosome binding site allowing the armed cassette to be 
translated in the presence of the target. 
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The compositions find use in regulation of gene expression, treatment of 
disease, and for preventing the proliferation of neoplastic cells. Additionally, the 
compositions have a broad range of use in both plant and animal applications. 



Figure 1 provides a diagrammatic sketch of the masked targeted 
expression cassette as an antiviral drug. 

Figure 2 provides a diagrammatic sketch of the masked targeted 
expression cassette in which the target sequence of the sense strand is completely 
complementary to the antisense strand. 

Figure 3 provides a diagrammatic sketch of the masked expression 
cassette with concatenated geometry for increasing target specificity. 

Figure 4 provides a diagrammatic sketch of the masked targeted 
expression cassette with concatenated geometry which requires a quantity 
threshold of target molecules for initiation of translation of the desired gene. 

Figure 5 provides a diagrammatic sketch of a circular masked targeted 
expression cassette for increased compactness and decreased viscosity. 

Figure 6 provides a diagrammatic sketch of a stem-loop masked targeted 
expression system for increased compactness. 

Figure 7 provides an example of a construct for production of the sense 
strand of the targeted cassette. 

Figure 8 provides a diagrammatic sketch of an in vitro experiment 
utilizing the masked targeted expression cassette. 



The present invention now will be described more fiilly hereinafter with 
reference to preferred embodiments. This invention may, however, be embodied 
in many different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are provided so that this 
disclosure will convey the scope of the invention to those skilled in the art. 



BRIEF DESCRIPTION OF THE DRAWINGS 



DETAILED DESCRIPTION OF THE INVENTION 
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Compositions and methods for controlling the expression of a gene of 
interest is provided. Expression is regulated by the use of antisense 
oligonucleotides to a target molecule. In this manner, the gene of interest is 
expressed only in the presence of RNA or DNA corresponding to the target 
molecule. 

The method involves the use of an antisense masked expression cassette. 
By antisense masked expression cassette is intended a double stranded nucleic 
acid molecule. The first strand comprises an RNA molecule for the protein of 
interest linked downstream of a flanking sequence. The flanking sequence 
comprises a nucleotide sequence, the sense sequence, for a portion of the target 
gene. The first strand also comprises a translation initiation site downstream of 
the flanking sequence. It is recognized that the site of insertion for the ribosome 
binding site may vary. Optionally, a seven methyl guanine cap can be included 
to stabilize the molecule. See Figure 1. 

The second strand of the masked expression cassette comprises an 
antisense oUgonucleotide corresponding to the target gene or sequence. That is, 
the antisense sequence is at least partially complementary to the target sequence 
comprised by the flanking sequence. The antisense oligonucleotide may be either 
an RNA molecule, a DNA molecule or mixtures thereof The duplex formed by 
binding of the second antisense strand to the corresponding flanking sequence of 
the first strand excludes ribosomal scanning of the downstream sequences; 
including the translation initiation site, the sequence of interest, or both. Thus, 
translation and expression of the protein of interest is masked by the binding of 
the antisense strand to the flanking sequence. Displacement of the antisense 
strand from the flanking sequence umnasks expression and translation of the 
protein of interest. 

The protein of interest will vary depending upon the use of the 
composition. For example, where the masked cassette is intended as a 
mechanism to inhibit the growth of neoplastic cells, the protein of interest is 
selected from toxin proteins, cytokines, cell regulators, or the like. Additionally, 
the RNA molecule may be non-coding RNA, such as RNA with RNAse activity. 
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A number of toxin proteins are known and can be used in the invention. 
These include ribosome inactivators, Pseudomonas exotoxin A (Chaudhary et al. 
(1990) J, Biol Chem 2(J5: 16303-163 10); cell metabolism disruptors, such as 
ribonucleases (See, for example, Mariani et al. (1990) Nature 347:737-741); 
5 Bamase toxin, a chimeric toxin derived from Pseudomonas exotoxin A and a 

ribonuclease (Prior et aL (1990), Cell 64:1017-1023); Pertussis (Accession 
M14378 M16494, Micosia et aL (1986) Proc. Natl. Acad Sci. USA 53:4631- 
4635); cholera (Dams et al. (1991) Biochim. Biophys, Acta 7090:139-141); 
Diphtheria, ricin (Gelfand et al EP 0335476-A2); etc. Additionally, thymidine 

10 kinase from the herpes sequence may be used as a toxin or effector molecule. 

Transcription in a cell makes it susceptible to gancyclovir. Thus, the cells of 
interest could be labeled and then destroyed in a two step system. 

The masked cassette comprising the above described toxin sequences can 
be used to target and destroy any cell, organ, organism or species; so long as a 

15 target sequence can be identified that is specific to that cell, organ, organism or 

species. For example, the cassette can be used to selectively target and eliminate 
vertebrate environmental pests. Such pests include agricultural pests including 
foxes and rabbits in Australia. 

The cassette can be used to selectively destroy cells infected with viruses. 

20 In this aspect, the target sequence comprises a virus-specific sequence, while the 

protein of interest is a toxin as described above. 

The masked cassette can be used to treat a variety of diseases. Such 
diseases include, but are not limited to, diseases involving an overactive organ, 
such as a hyperactive thyroid. In this aspect, the masked cassette comprises a 

25 thyroid-specific target sequence and a protein toxin as described above. 

The cassette can be used to treat diseases involving a defective gene. In 
this aspect, the target sequence comprises the sequence of the defective mRNA, 
while the sequence of interest comprises the sequence of the normal protein. The 
intended affect can be twofold. The binding of the antisense strand to the 

30 defective mRNA can shut down the production of the defective protein, A^iiile 

expression of the sequence of interest results in production of the normal protein. 
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The cassette can be used to produce a protein of interest in an organ 
which lacks the protein. In this aspect, the target sequence comprises an organ- 
specific sequence, while the sequence of interest comprises the sequence of the 
protein lacking in that organ. 

The invention is also useful in an assay system to determine the presence 
of a target molecule. In this instance the protein of interest will be a reporter 
protein that is easily detected, for example, by either a simple cytological stain or 
an enzyme assay. Such reporter sequences include but are not limited to beta 
galactosidase, chloramphenicol acetyltransferase (CAT), glucurodinase (GUS), 
and the like. 

A translation initiation site is also included in the cassette. Such 
sequences are known in the art and include the Kozak sequence. See, for 
example, Kozak, Marilyn (1988) Mol and Cell BioL, 5:2737-2744; Kozak, 
Marilyn (1991) J. BioL Chem,, 2(5(5:19867-19870; Kozak, Marilyn (1990) Proc 
Natl Acad ScL USA. 57:8301-8305; Kozak, Marilyn (1989) J. Cell BioL, 
J 08:229-241; and the references cited therein. Such references are herein 
incorporated by reference. 

The translation initiation site can be inserted upstream of the sequence 
corresponding to the gene of interest. Kozak sequences can be designed that can 
initiate translation in all three reading frames. See, for example. Murphy and 
Efstratiadias (1987) Proc. Natl Acad ScL USA. 5^:8277-8281. Generally, the 
Kozak sequence will comprise the consensus sequence recognized for initiation in 
higher eukaryotes. Such consensus sequence is GCCGCCqCCAUGG. This 
consensus sequence is repeated several times within the Kozak sequence to 
provide for the initiation of translation in all three reading frames. 

The length of the Kozak sequence may vary. Generally, increasing the 
length of the leader sequence enhances translation. 

It is recognized that a prokaryotic translation initiation site may also be 
used when appropriate; for example, when targeting a prokaryote. Such 
sequences include the Shine-Dalgamo sequence (UAAGGAGG), typically 5-10 
bases upstream of the initiator AUG. 
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The flanking sequence comprises a sequence which corresponds to the 
target gene or sequence. That is, the flanking sequence comprises all or a part of 
the sense strand of the target molecule and can be RNA or DNA. By sense 
sequence is intended a sequence capable of hybridizing to the antisense portion 
capable of hybridizing to messenger RNA expressed by the target when the target 
is a gene, or to a target RNA or DNA molecule. 

The flanking sequence may vary in length. It is recognized that the length 
may vary depending on the length and abundance of the target gene, and the 
specificity and affinity of the antisense portion for the target. While the length of 
the flanking sequence may vary, generally a length of about 10 to about 200 
nucleotides, preferably about 20 to about 1 50 nucleotides, more preferably about 
40 to about 100 nucleotides can be used. 

The flanking sequence can be a naturally occurring or synthetic sequence. 
Where the sequence is synthetic, mismatch nucleotides can be incorporated into 
the structure to facilitate thermodynamic displacement of the antisense molecule 
by the target molecule. It is recognized that if the translation initiation site is 
inserted within the flanking sequence, this sequence insertion will provide 
nonhybridizing sequences and add to the decrease in homology between the 
flanking sequence and the antisense oligonucleotide. While it is recognized that 
a homology of up to 100% can be compatible with the intended displacement of 
the antisense strand from the flanking sequence, generally a homology of less 
than 90% is intended, preferably about 75% homology, more preferably about 
65% homology, 

A 7-methyl guanine (7MeG) cap is known to increase the efficiency of 
translation. Thus, such a 7-methyl guanine cap can be included on the 5' end of 
the flanking sequence. See, for example, Shatkin, A.J. (1976) Cell, P:645-653; 
Malone e/ al (1989) Proc. Natl Acad ScL USA, 56:6077-6081; Fuerst and Moss 
(1989) J. Mol Biol, 205:333-348 and Kozak, Marilyn (1991) Gene Expression, 
7:117-125. 

The antisense sequence of the expression cassette of the invention is 
constructed to hybridize with a nucleotide sequence of interest. Such nucleotide 
sequences of interest include messenger RNAs fi-om target genes, viral RNAs or 
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DNAs, and the like. The antisense strand is constructed to be homologous to the 
target. Generally, such homology will be greater than the homology exhibited by 
the antisense strand to the flanking sequence. Thus, in the presence of the target 
molecule, the antisense strand is displaced from the flanking sequence of the 
5 cassette and hybridizes with the target molecule. To enhance displacement, the 

cassette can be constructed such that the antisense sequence is longer than the 
flanking sequence, allowing for a 3' or 5' nonpaired overhang or "sticky end" to 
bind the target molecule. This sticky end will enhance displacement of the 
antisense oligonucleotide. 

10 As discussed, the target molecule may vary. For treatment of malignant 

or neoplastic cell growth, the target molecule will correspond to a nucleotide 
which is only expressed or present in the neoplastic cell. In this case, the 
sequence of interest of the expression cassette will encode a toxin protein which 
is expressed in the presence of the target to kill the cell. The expression cassette 

15 could also encode a cytokine or interferon to fight neoplastic growth. In some 

instances, a combination of expression cassettes encoding different proteins may 
be provided. The target molecule can be a gene. Numerous target genes are 
known in the art. Such genes include c-myc, n-myc, c-myb c-abl, c-kit, c-mos, 
bcr-abl, bcl-2, retinoblastoma- 1, p-53, GM-CSF, G-CSF, Ick, IGF-1, egr-1 (A. 

20 Krieg, ImmunoMethods 1, 191 (1992)); c-fes (S. Ferrari et al., Cell Growth 

Differ, 1, 543 (1990)); c-fms (J. Wu et al.. Oncogene 5, 873 (1990)); c-fos (A. 
Block et al., in (77). pp. 63-70); N-ras (T. Skorski et al., J. Exp, Med 175, 743 
(1992)); Ha-ras (T. Saison-Behmoaras et al., EMBO J. MD,, 1111 (1991)); B- 
myb (M. Arsura et al.. Blood 79, 2708 (1992)); CSF-1 (M. Birchenall-Roberts et 

25 al., J, Immunol 145, 3290 (1990)); Myeloblastin (D. Bones et al.. Cell 59, 959 

(1988)); Erythropoietin (O. Hermine et al.. Blood 78, 2253 (1991)); MZF-1 (L. 
Bavisotto et al„ J, Exp, Med 174, 1097 (1991)); mdrl (L. Rivoltini et al., Int, J, 
Cancer 46, 727 (1990)); IGF-1 receptor (P. Porcu et al., Mol Cell Biol 12, 5069 
(1992)); Growth hormone (D. Wemgent, J. Blalock, R. LeBoeuff, Endocrinology 

30 128, 2053 (1991)); EGR-1 (L. Neyses, J. Nouskas, H. Vetter, Biochem, Biophys, 

Res, Commun, 181, 22 (1991)); G proteins (Supra (1992)); MHC-1# (M. Cambe 
et al., Anti-Cancer Drug Des, 7, 341 (1992)); Angiotensinogen (J. Cook et al.. 
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Antisense Res, Dev. 2, 199 (1992); Myogenin (A. Bninetti et al., J, Biol Chem. 
265, 13435 (1990)); LH receptor" (A. West and B. Cooke, MoL Cell 
Endocrinol 79, R9 (1991)); Cellular retinol-binding protein I F. Cope, J. Wille, 
L. D, Tomei, in (77), pp. 125-142; TNF-a (A. Witsell and L. Schook, Proc, Natl 
Acad Set U,S.A, 89, 4754 (1992)). 

Target molecules include but are not limited to the CD4 gene, see. 
Accession No. X87579; CFTR gene (Varon et al (1995) Hum. Mol Genet 
^: 1463- 1464); human C3d/Epstein-Barr virus receptor (Fujisaku et al (1989) J. 
Biol Chem. 25^:2118-2125); Human MHC class I CDS alpha-chain gene 
(Accession M27161, Nakayama et al (1989) Immunogenetics 50:393-397); 
human elastase 2 mRNA (Accession Ml 6631), Fletcher et al (1987) 
Biochemistry 25:7256-7261); Human elastin mRNA (Accession M36860, Fazio et 
al (1988) J, Invest, Dermatol 97:458-464); human intercellular adhesion 
molecule 1 gene (Accession U86814); human interleukin 1-beta converting 
enzyme isoform beta mRNA (Accession U 13697 Alnemri et al (1998) J, Biol 
Chem. 270:4312-4317); human immunoglobulin C mu-C delta locus (Accession 
X57331, Word et al (1989) Int, Immunol 7:296-309); human interleukin 2 gene 
(Accession J00264, Maeda et al (1983) Biochem. Biophys, Res, Commun, 
775:1040-1047; Fujita et al (1983) Proc, Natl Acad, Set USA 50:7437-7441); 
human MHC Class I antigen HLA-B (Accession U88407); human MHC class II 
HLA-DPAl antigen (Accession U87556); etc. herein incorporated by reference. 

Likewise, the target molecule may be a RNA or DNA from a virus. In 
this manner, viral replication and growth can be inhibited. Such viral genes 
include but are not limited to sequences from Coxsackievirus (Marquardt and 
Ohlinger (1995) J, Virol Methods 55:189-199); Dengue virus, see Accession No. 
U88535; encephalitis virus, see. Accession No. AB001026; Ebola virus (Sanchez 
et al (1989) Virology 770:81-91, Accession No. LI 1365); Epstein-Barr virus 
(Baer et al (1984) Nature 570:207-211); Echovirus 32 (Huttunen et al (1996) J, 
Gen, Virol 77:715-725); Enterovirus (VP4-VP2 capsid 3D RNA polymerase 
genes Pulli et al (1995) Virology 212:30-3^); influenza A virus (Guan et al 
(1996) J. Virol 70:8041-8046); hepatitis B virus (Fukuda et al (1995) J. Infect, 
Dis. 772:1191-1197); hepatitis C virus (Hitomi e/ al (1995) Viral Immunol 
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5:109-119); hepatitis D virus (Khudyakov et al (1993) Virus Res, 27:13-24); 
hepatitis E virus (Tarn et al. (1990) Science 247:1335-1449, Accession No. 
M32400); hepatitis G virus (Accession No. U86023); HIV (Accession U04908, 
Gao et al (1996) J, Virol 70:1651-1667); human papillomavirus (Accession 
5 U37537, Wu et al (1993) Lancet 347:522-524); influenza A virus (Accession 

U86987); human rhinovirus (Accession D00239, Hughes et al (1988)J. Gen. 
Virol 5P:49-58); Sendai virus (Accession D00053 N00053, Morgan and 
Rakestraw (1986) Virology 754:31-40); gastroenteritis virus TFI virion protein 
gene (Accession Z35758; Chen et al (1995) Virus Res. 55:83-89); herpes 

10 simplex type 2 virus (Accession Z86099, McGeoch et al (1987) J, Gen Virol 

55:19-38); Venezuelan equine encephaHtis virus (Accession L01442, Kinney et 
al (1986) Virology 752:400-413); herein incorporated by reference. 

Other genes of interest include, for example, jun, bFGF, wnt-l^ TGF-beta, 
spi-l for cytomegalovirus; NDR, c-erbB-2 for herpes simplex virus, types 1 and 

15 2; bcl'2 and bci-abl for human papilloma virus; p53 and c-myb for hepatitis, type 

B; l-myc and ras for influenza virus; etc. 

Methods are generally available in the art for constmction of the masked 
expression cassettes. See, for example, Sambrook et al^ Cold Spring Harbor, 
NY. RNA/DNA molecxiles as well as antisense oligonucleotides can be made in 

20 accordance with known techniques. See, e.g., U.S. Patent No. 5,149,797; 

5,175,273; Uhhnann and Peyman (1990) Chem. Rev., P0:543-584 and the 
references cited therein. The antisense oligonucleotides, which may be 
deoxyribonucleotide or ribonucleotide sequences which are capable of 
complementary binding to the target molecule. Such antisense oligonucleotides 

25 may be oligonucleotides wherein at least one, or all, of the intemucleotide 

bridging phosphate residues are modified phosphates, such as methyl 
phosphonates, methyl phosphonothioates, phosphoromorpholidates, 
phosphoropiperaadates and phosphoramidates. For example, some, for example, 
every other one, of the intemucleotide bridging phosphate residues may be 

30 modified as described. In another example, such antisense oligonucleotides are 

oligonucleotides wherein at least one, or all, of the nucleotides contain a 2' 
loweralkyl moiety (e.g., C1-C4, linear or branched, saturated or unsaturated alkyl. 
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such as methyl, ethyl, ethenyl, propyl, 1-propenyl, 2-propenyl, and isopropyl). 
See also Furdon et al (1989) Nucleic Acids Res., 77:9193-9204; Agrawal et al 
(1990) Proc, Natl Acad, Sci. USA, 57:1401-1405; Baker et al (1990) Nucleic 
Acids Res., 7«:3537-3543; Sproat et al (1989) Nucleic Acids Res., 77:3373-3389; 
Walder and Walder (1988) Proc, Natl Acad. ScL USA, 55:5011-5015. 

Modification of the phosphodiester backbone has been shown to impart 
stability and may allow for enhanced affinity and increased cellular penetration of 
ODNs. Additionally, chemical strategies may be employed to replace the entire 
phosphodiester backbone with novel linkages. Phosphorothioate and 
methylphosphonate modified ODNs may be made through automated ODN 
synthesis. 

A phosphorodithioate version of the phosphorothioate can be synthesized. 
In the dithioate linkage, the non-bridging oxygens can be substituted with sulfur. 
This linkage is highly nuclease resistant. 

Sugar modifications may also be used to enhance stability and affinity of 
the molecules. The alpha-anomer of a 2'-deoxyribose sugar has the base inverted 
with respect to the natural beta-anomer. ODNs containing alpha-anomer sugars 
are resistant to nuclease degradation. 

If necessary, targeted cassette can be modified to increase stability in vivo. 
Thus, nuclease-resistant oligonucleotides can be utilized, such as PS and MP 
oligonucleotides. See, for example. Miller, P. (1991) Biotechnology, P:358 and 
Stein et al (1991) Pharmacol Ther., 52:365. 

The targeted expression cassettes of the invention can be synthesized 
easily and in bulk. The development of phosphoramidite chemistry and its 
elaboration into an automated technology have greatly enhanced the ease with 
which oligos are synthesized and consequently their availability. See, for 
example, Beaucage and Caruthers (19SI) Tetrahedron Lett., 57:3557 and Zon and 
Geiser (1991) Anti-Cancer Drug Des., 5:539. 

The methods, oligonucleotides and formulations of the present invention 
have a variety of uses. They are usefiil in preventing the proliferation and 
growth of neoplastic cells. The methods, oligonucleotides and compositions of 
the present invention are also useful as therapeutic agents in the treatment of 
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disease. They also find use in fermentation processes where it is desirable to 
have a means for regulating the expression of a gene to be expressed at a certain 
time or any instance where it is desirable to regulate gene expression. 

The term "antisense oligonucleotides" includes the physiologically and 
pharmaceutically acceptable salts thereof: i.e., salts that retain the desired 
biological activity of the parent compound and do not impart undesired 
toxicological effects thereto. Examples of such salts are (a) salts formed with 
cations such as sodium, potassium, spermidine, etc.; (b) acid addition salts 
formed with inorganic acids, for example hydrochloric acid, hydrobromic acid, 
sulfuric acid, phosphoric acid, nitric acid and the like; (c) salts formed with 
organic acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic 
acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic 
acid, benzoic acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid, 
napthalenesulfonic acid, methanesulfonic acid, p-toluenesulfonic acid, 
napthalenedisulfonic acid, polygalacturonic acid, and the like; and (d) salts 
formed from elemental anions such as chlorine, bromine, and iodine. 

Formulations of the present invention comprise the masked cassette in a 
physiologically or pharmaceutically acceptable carrier, such as an aqueous carrier. 
Thus, formulations for use in the present invention include, but are not limited to, 
those suitable for parenteral administration, including subcutaneous, intradermal, 
intramuscular, intravenous and intraarterial administration, as well as topical 
administration (i.e., administration of an aerosolized formulation of respirable 
particles to the lungs of a patient afflicted with cystic fibrosis). The formulations 
may conveniently be presented m unit dosage form and may be prepared by any 
of the methods well known in the art. Such formulations are described in, for 
example. Remington's Pharmaceutical Sciences 19th ed., Osol, A. (ed.). Mack 
Easton PA (1980). The most suitable route of administration in any given case 
may depend upon the subject, the nature and severity of the condition being 
treated, and the particular active compoimd which is being used. 

The present invention provides for the use of the targeted masked cassette 
having the characteristics set forth above for the preparation of a medicament for 
the various disorders. In the manufacture of a medicament according to the 
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invention, the masked cassette is typically admixed with, inter alia^ an acceptable 
carrier. The carrier must, of course, be acceptable in the sense of being 
compatible with any other ingredients in the formulation and must not be 
deleterious to the patient. The carrier may be a solid or a liquid. One or more 
antisense oligonucleotides may be incorporated in the formulations of the 
invention, which may be prepared by any of the well known techniques of 
pharmacy consisting essentially of admixing the components, optionally including 
one or more accessory therapeutic ingredients. 

Foraiulations of the present invention may comprise sterile aqueous and 
non-aqueous injection solutions of the active compound, which preparations are 
preferably isotonic with the blood of intended recipient and essentially pyrogen 
free. These preparations may contain anti-oxidants , buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood of the intended 
recipient. Aqueous and non-aqueous sterile suspensions may include suspending 
agents and thickening agents. The formulations may be presented in unit dose or 
multi-dose containers, for example sealed ampoules and vials, and may be stored 
in a freeze-dried (lyophilized) condition requiring only the addition of the sterile 
liquid carrier, for example, saline or water-for-injection immediately prior to use. 

In the formulation the targeted cassette may be contained within a lipid 
particle or vesicle, such as a liposome or microcrystal, which may be suitable for 
parenteral administration. The particles may be of any suitable structure, such as 
unilamellar or plurilamellar, so long as the targeted cassette is contained therein. 
Positively charged lipids such as N-[l-(2,3-dioleoyloxi)propyl]-N,N,N-trimethyl- 
amoniummethylsulfate, or "DOTAP," are particularly preferred for such particles 
and vesicles. The preparation of such lipid particles is well known. See, e.g., 
U.S. Patent Nos.4,880,635 to Janoff et al.; 4,906,477 to Kurono et al.; 4,911,928 
to Wallach; 4,917,951 to Wallach; 4,920,016 to Allen et al.; 4,921,757 to 
Wheatley et al.; etc. 

The dosage of the targeted cassette administered will depend upon the 
particular method being carried out, and when it is being administered to a 
subject, will depend on the disease, the condition of the subject, the particular 
formulation, the route of administration, etc. In general, intracellular 
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concentrations of the cassette of from ,05 to 50^M, or more particularly ,2 to 5 
^M, are desired. For administration to a subject such as a human, a dosage of 
from about .01, ,1, or 1 mg/Kg up to 50, 100, or 150 mg/Kg is employed. 

Current technology has focused on antisense molecules only. Antisense 
oligonucleotides bind the offending RNA molecules in the cell. To be effective, a 
high dosage of antisense molecules have to be delivered to each cell. The 
present invention provides for an effector molecule which increases the potency 
of antisense technology. In this manner, the cell can be manipulated more easily 
and a far lower dosage, potentially even a 1 molecule to 1 cell ratio can be 
effective. 

It is the idea of specificity that provides the underlying feature of the 
present invention. Standard cytotoxic chemotherapy for conditions such as 
neoplastic disease is fraught with systemic toxicity. The ratio of the toxic dose 
to the therapeutic dose is relatively low, which reflects the large number of 
cellular targets affected by the chemotherapeutic agent and the agents inability to 
distinguish between normal and diseased cells. In theory, this problem is solved 
by taking advantage of the specificity conferred by Watson-Crick base pair 
formation by identifying an appropriate target. 

The following experiments are offered by way of illustration and not by 
way of limitation. 

Experimental 

Use of Targeted Cassette to Kill Neoplastic Cells 

Following the protocols as essentially described above, a targeted cassette 
is constructed wherein the first strand has an RNA coding for toxin A. The 
toxm RNA is linked with upstream DNA sequences coding the sense portion of 
the p53 DNA sequence. The p53 protein is found in numerous cancer cells. 
Inserted within the p53 molecule is a Kozak sequence. An antisense stmcture is 
constructed which corresponds to the p53 sense nucleotide. 

The targeted cassettes are provided to a patient in a pharmaceutically 
acceptable solution at a concentration of fi-om about .01, .1, or 1 mg/Kg up to 50, 
100, or 150 mg/Kg. 
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Use of Targeted Cassette as Antiviral Drug 

Figure 1 depicts utilization of the masked targeted expression cassette as 
an antiviral agent (Black RNA Drug). Features of the cassette £u:e identified by 
the provided key. The sense strand has a 7meG cap at its 5' end. In the inactive 
form, the antisense strand is hybridized to the flanking sequences of the sense 
strand; such that the Kozak sequence is masked. Mismatch area between the 
Kozak sequence and the antisense strand is indicated by lack of hydrogen 
bonding. Upon presentation of active viral RNA which has perfect homology to 
the antisense strand, the antisense strand dissociates from the sense strand and 
binds the viral RNA, which renders the viral RNA inactive. Furthermore, upon 
dissociation of the antisense strand, the Kozak sequence is unmeisked and 
translation of the toxin protein commences from the AUG initiation codon. 
Upon production of toxic quantities of mature toxin, the cell hosting the virus is 
destroyed. 

Targeted Cassette with Totally Complementary Antisense and Flank Sequences 
Figure 2 depicts a masked targeted expression cassette in which the viral 
target sequence of the sense strand is completely complementary to the antisense 
strand. In the inactive targeted cassette, ribosomal assembly and scanning from 
the 5' end is prevented by the duplex between the antisense strand and the 
flanking sequence. In this example, displacement of the antisense strand and 
activation of expression of the gene of interest (lac Z) can be tested by assaying 
for p-galactosidase activity. 

Targeted Cassette with Increased Target Specificitv 

Figure 3 depicts a masked targeted expression cassette with concatenated 
geometry for increasing target specificity for initiation of translation of the gene 
of interest. Each antisense/sense combination (1-3) corresponds to a different 
target sequence. For example, 1 corresponds to a viral RNA, 2 corresponds to a 
cytokine RNA, and 3 corresponds to a host specific protein. RNA encoding the 
protein of interest is only expressed when all 3 target sequences are pr<esent in 
-rii-the target cell, effecting displacement of all 3 antisense sequences .from the sense 
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sequences of the cassette, thereby allowing ribosomal assembly and scanning 
from the 5' end to proceed to the Kozak sequence and the AUG start codon. 

Targeted Cassette with Target Quantity Threshold 

Figure 4 depicts a masked targeted expression cassette with concatenated 
geometry for requiring a target quantity threshold for initiation of translation. All 
sense/antisense combinations (1-3) correspond to the same target RNA. RNA 
encoding the protein of interest is only expressed when the target RNA is present 
in sufficient quantity (in this example 3 copies) in the target cell, effecting 
displacement of all 3 antisense sequences from the sense sequences of the 
cassette, thereby allowing ribosomal assembly and scanning from the 5' end to 
proceed to the Kozak sequence and the AUG start codon. The concatenated 
geometry thus requires a threshold quantity of the target RNA for initiation of 
translation. Such concatenated cassette constructs are particularly useful for 
targeting cancer cells with abnormally high number of copies of a particular 
mRNA. The constructs may also be made in combination with the constructs of 
Figure 3. 

Circular Targeted Cassette 

Figure 5 depicts a circular masked targeted expression cassette. 

An antisense molecule complementary to a target molecule is bound to 
complementary sequences at the 3' and 5' end of the targeted expression cassette, 
thereby preventing ribosome assembly and scanning from the 5' end. Thus, 
displacement of the antisense strand in the presence of a complementary target 
molecule allows for translation and expression of the desired protein. The 
circular configuration may be more compact and less viscous, thereby having 
particularly desirable properties for dmg delivery applications. 

Stem-loop Targeted Cassette 

Figure 6 depicts a stem-loop masked targeted expression cassette. An 
antisense molecule complementary to a target molecule is bound to 
complementary sequences withm the loop structure, further stabilizing the stem- 
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loop structure. Ribosomal scanning from the 5' end is prevented from 
proceeding to the Kozak sequence and the initiation AUG codon by the stable 
secondary structure of the complex. Displacement of the antisense strand in the 
presence of a complementary target molecule provides a less stable stem-loop 
structure unable to prevent ribosomal scaxming commenced from the 5' end. 

Figure 7: Armed Sense Strand Plasmid Construct. 

Figure 7 depicts a pCI-Neo (Promega Corp.) plasmid construct for 
production of the sense RNA strand of a targeted expression cassette. The 
complete sequence of the depicted MCS-Kozak-lac Z is set forth in SEQ ID NO: 
1. Alternative flanking sequences corresponding to portions of the firefly 
luciferase mRNA are inserted into the multiple cloning site (MCS), such that 
transcription from the T7 promoter yields RNA comprising from the 5' end; 
luciferase segment-Kozak-P gal. The altemative luciferase sense segments are set 
forth in SEQ ID NO: 2, 3, 4, 5, 6, 7 or 8, 

Figure 8 In vitro determination of activity of masked targeted expression 
cassette. 

Sense strand RNA of the masked targeted cassette is produced by in vitro 
transcription of the construct depicted in Figure 7, by use of the Riboprobe® 
Combination System (Catalogue No. PI 450, Promega Corp.). 

Antisense sequences corresponding to portions of the target molecule 
(firefly luciferase RNA, Catalogue No. L4561, Promega Corp.) are hybridized to 
complementary flanking sequences of the sense strand of the targeted cassette. 
SEQ ID NO: 2, 3, 4, 5, 6, 7 or 8 list altemative flanking sequences and SEQ ID 
NO: 9, 10, 11, 12, 13, 14 or 15 list the corresponding antisense sequences, 
respectively. The full length firefly luciferase RNA, according to which the 
flanking sense sequences and corresponding antisense sequences are made is set 
forth in SEQ ID NO: 16. The hybridized mixture is introduced to an in vitro 
translation mixture containing ribosomes and full length firefly luciferase RNA 
(Flex®, Rabbit Reticulocyte Lysate System, Catalogue No. L4540, Promega 
Corp.)- Control reactions will lack the masked cassette. 
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After completion of translation, the mixture will be assayed for p- 
galactosidase (P-gal) and luciferase activities. Negative luciferase and positive p- 
gal activity indicates successful inhibition of the target molecule and successful 
expression of the gene of interest. 

The diagram depicts the mechanism of the assay. In panel 1 , the 
antisense sequence is bound to complementary flanking sequence of the targeted 
cassette. Ribosomal scanning commenced from the 5' end is blocked by the 
antisense/sense duplex, thereby preventing translation of the p-gal RNA. 
Displacement and binding of the antisense to target luciferase RNA (panel 2) has 
a two-fold effect (panel 3). p-gal can be expressed from the unmasked cassette 
(p-gal positive) and expression of the target is blocked by binding of the 
antisense to the target (luciferase negative). 

Other modifications and embodiments of the invention will come to mind 
in one skilled in the art to which this invention pertains having the benefit of the 
teachings presented herein. Therefore, it is to be understood that the invention is 
not to be limited to the specific embodiments disclosed. Although specific terms 
are employed, they are used in generic and descriptive sense only and not for 
purposes of limitation, and that modifications and embodiments are intended to 
be included within the scope of the appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Black Jr., Charles A. 
(ii) TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR ACTIVATING 



(iii) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: W. Murray Spruill 

(B) STREET: 3605 Glenwood Ave. Suite 310 

(C) CITY: Raleigh 

(D) STATE: NC 

(E) COUNTRY: US 

(F) ZIP: 27622 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.3 0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Spruill, W. Murray 

(B) REGISTRATION NUMBER: 32,943 

(C) REFERENCE /DOCKET NUMBER: 5722-2 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 919 420 2202 

(B) TELEFAX: 919 881 3175 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4279 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Recombinant molecule 
(Multiple Cloning Site/Kozack secjuence/LacZ gene) " 



(ix) FEATURE: : ;^ 

(A) NAME/KEY : misc_f eatiure 
_ (B) LOCATION: 1. . 64 . , . 

(D) OTHER INFORMATION: /product= "Multiple 

(ix) FEATURE: 

(A) NAME /KEY : -mis cofeature . • . . ' r -/, r 



GENES OF INTEREST 
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(B) LOCATION: 65 . . 79 

(D) OTHER INFORMATION: /fxinction= "Consensus sequence of 
translation initiation" 
/product = "Kozack sequence" 

(ix) FEATURE: 

(A) NAME/KEY: prim_transcript 

(B) LOCATION: 80.. 4279 

(D) OTHER INFORMATION: /gehe= "LacZ" 
/standard_name= "Beta galactosidase" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

TTAATACGAC TCACTATAGG CTAGCCTCGA GAATTCACGC GTGGTACCTC TAGAGTCGAC 60 

CCGGGCCGCC GCCACCATGG CGCAGCACCA TGGCCTGAAA TAACCTCTGA AAGAGGAACT 120 

TGGTTAGGTA CCTTCTGAGG CGGAAAGAAC CAGCTGTGGA ATGTGTGTCA GTTAGGGTGT 180 

GGAAAGTCCC CAGGCTCCCC AGCAGGCAGA AGTATGCATU^ GCATGCATCT CAATTAGTCA 24 0 

GCAACCAGGT GTGGAAAGTC CCCAGGCTCC CCAGCAGGCA GAAGTATGCA AAGCATGCAT 300 

CTCAATTAGT CAGCAACCAT AGTCCCGCCC CTAACTCCGC CCATCCCGCC CCTAACTCCG 36 0 

CCCAGTTCCG CCCATTCTCC GCCCCATGGC TGACTAATTT TTTTTATTTA TGCAGAGGCC 42 0 

GAGGCCGCCT CGGCCTCTGA GCTATTCCAG AAGTAGTGAG GAGGCTTTTT TGGAGGCCTA 48 0 

GGCTTTTGCA AAAAGCTTGG GATCTCTATA ATCTCGCGCA ACCTATTTTC CCCTCGAACA 540 

CTTTTTAAGC CGTAGATAAA CAGGCTGGGA CACTTCACAT GAGCGAAAAA TACATCGTCA 600 

CCTGGGACAT GTTGCAGATC CATGCACGTA AACTCGCAAG CCGACTGATG CCTTCTGAAC 660 

AATGGAAAGG CATTATTGCC GTAAGCCGTG GCGGTCTGGT ACCGGTGGGT GAAGACCAGA 72 0 

AACAGCACCT CGAACTGAGC CGCGATATTG CCCAGCGTTT CAACGCGCTG TATGGCGAGA 780 

TCGATCCCGT CGTTTTACAA CGTCGTGACT GGGAAAACCC TGGCGTTACC CAACTTAATC 840 

GCCTTGCAGC ACATCCCCCT TTCGCCAGCT GGCGTAATAG CGAAGAGGCC CGCACCGATC 900 

GCCCTTCCCA ACAGTTGCGC AGCCTGAATG GCGAATGGCG CTTTGCCTGG TTTCCGGCAC 960 

CAGAAGCGGT GCCGGAAAGC TGGCTGGAGT GCGATCTTCC TGAGGCCGAT ACTGTCGTCG 1020 

TCCCCTCAAA CTGGCAGATG CACGGTTACG ATGCGCCCAT CTACACCAAC GTAACCTATC 1080 

CCATTACGGT CAATCCGCCG TTTGTTCCCA C6GAGAATCC GACGGGTTGT TACTCGCTCA 1140 

CATTTAATGT TGATGAAAGC TGGCTACAGG AAGGCCAGAC GCGAATTATTT TTTGATGGCG 1200 

TTAACTCGGC GTTTCATCTG TGGTGCAACG GGCGCTGGGT CGGTTACGGC CAGGACAGTC 1260 

GTTTGCCGTC TGAATTTGAC CTGAGCGCAT TTTTACGCGC CGGAGAAAAC CGCCTCGCGG 1320 

TGATGGTGCT GCGTTGGAGT GACGGCAGTT ATCTGGAAGA TCAGGATATG TGGCGGATGA 1380 

GCGGCATTTT CCGTGACGTC TCGTTGCTGC ATAAACCGAC TACACAAATC AGCGATTTCC 1440 
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ATGTTGCCAC TCGCTTTAAT 
TGTGCGGCGA GTTGCGTGAC 
AGGTCGCCAG CGGCACCGCG 
CCGATCGCGT CACACTACGT 
CGAATCTCTA TCGTGCGGTG 
AAGCCTGCGA TGTCGGTTTC 
GCAAGCCGTT GCTGATTCGA 
TCATGGATGA GCAGACGATG 
CCGTGCGCTG TTCGCATTAT 
GCCTGTATGT GGTGGATGAA 
TGACCGATGA TCCGCGCTGG 
GCGATCGTAA TCACCCGAGT 
CTAATCACGA CGCGCTGTAT 
ATGAAGGCGG CGGAGCCGAC 
TGGATGAAGA CCAGGGCTTC 
TACCTGGAGA GACGCGCCCG 
TTGGCGGTTT CGCTAAATAC 
TCGTCTGGGA CTGGGTGGAT 
CGGCTTACGG CGGTGATTTT 
TGGTCTTTGC CGACCGCACG 
TTTTCCAGTT CCGTTTATCC 
ATAGCGATAA CGAGCTCCTG 
GTGAAGTGCC TCTGGATGTC 
CGCAGCCGGA GAGCGCCGGG 
CCGCATGGTC AGAAGCCGGG 
TCAGTGTGAC GCTCCCCGCC 
ATTTTTGCAT CGAGCTGGGT 
CACAGATGTG GATTGGCGAT 
GTGCACCGCT GGATAACGAC 
GGGTCX3AACG CTGGAAGGCG 
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GATGATTTCA GCCGCGCTGT 
TACCTACGGG TAACAGTTTC 
CCTTTCGGCG GTGAAATTAT 
CTGAACGTCG AAAACCCGAA 
GTTGAACTGC ACACCGCCGA 
CGCGAGGTGC GGATTGAAAA 
GGCGTTAACC GTCACGAGCA 
GTGCAGGATA TCCTGCTGAT 
CCGAACCATC CGCTGTGGTA 
GCCAATATTG AAACCCACGG 
CTACCGGCGA TGAGCGAACG 
GTGATCATCT GGTCGCTGGG 
CGCTGGATCA AATCTGTCGA 
ACCACGGCCA CCGATATTAT 
CCGGC-TGTGC CGAAATGGTC 
CTGATCCTTT GCGAATACGC 
TGGCAGGCGT TTCGTCAGTA 
CAGTCGCTGA TTAAATATGA 
GGCGATACGC CGAACGATCG 
CCGCATCCAG CGCTGACGGA 
GGGCAAACCA TCGAAGTGAC 
CACTGGATGG TGGCGCTGGA 
GCTCCACAAG GTAAACAGTT 
CAACTCTGGC TCACAGTACG 
CACATCAGCG CCTGGCAGCA 
GCGTCCCACG CCATCCCGCA 
AATAAGCGTT GGCAATTTAA 
AAAAAACAAC TGCTGACGCC 
ATTGGCGTAA GTGAAGCGAC 
GCGGGCCATT ACCAGGCCGA 




ACTGGAGGCT GAAGTTCAGA 1500 

TTTATGGCAG GGTGAAACGC 1560 

CGATGAGCGT GGTGGTTATG 1620 

ACTGTGGAGC GCCGAAATCC 1680 

CGGCACGCTG ATTGAAGCAG 1740 

TGGTCTGCTG CTGCTGAACG 1800 

TCATCCTCTG CATGGTCAGG 1860 

GAAGCAGAAC AACTTTAACG 192 0 

CACGCTGTGC GACCGCTACG 1980 

CATGGTGCCA ATGAATCGTC 2 040 

CGTAACGCGA ATGGTGCAGC 2100 

GAATGAATCA GGCCACGGCG 2160 

TCCTTCCCGC CCGGTGCAGT 2220 

TTGCCCGATG TACGCGCGCG 2280 

CATCAAAAAA TGGCTTTCGC 2340 

CCACGCGATG GGTAACAGTC 2400 

TCCCCGTTTA CAGGGCGGCT 2460 

TGAAAACGGC AACCCGTGGT 2520 

CCAGTTCTGT ATGAACGGTC 2580 

AGCAAAACAC CAGCAGCAGT 2640 

CAGCGAATAC CTGTTCCGTC 27O0 

TGGTAAGCCG CTGGCAAGCG 2760 

GATTGAACTG CCTGAAGTAC 2820 

CGTAGTGCAA CCGAACGCGA 2880 

GTGGCGTCTG GCGGAAAACC 2940 

TCTGACCACC AGCGAAATGG 3000 

CCGCCAGTCA GGCTTTCTTT 3060 

GCTGCGCGAT CTIGTTCACCC 3120 

CCGCATTGAC CCTAACGCCT 3180 
AGCAGCGTTGrTTGCAGTGCA , ^ 3240 
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CGGCAGATAC 


ACTTGCTGAT 


GCGGTGCTGA 


TTACGACCGC 


TCACGCGTGG 


CAG CATC! Ann 


o ^ u u 


GGAAAACCTT 


ATTTATCAGC 


CGGAAAACCT 


ACCGGATTGA 


TGGTAGTGGT 


CAAATGGCGA 


O ^ W W 


TTACCGTTGA 


TGTTGAAGTG 


GCGAGCGATA 


CACCGCATCC 


GGCGCGGATT 


GGCCTGAACT 


^ ^ ^ u 


GCCAGCTGGC 


GCAGGTAGCA 


GAGCGGGTAA 


ACTGGCTCGG 


ATTAGGGCCG 


CAAGAAAACT 




ATCCCGACCG 


CCTTACTGCC 


GCCTGTTTTG ACCGCTGGGA 


TCTGCCATTG 


TCAGACATGT 


-J J W 


ATACCCCGTA 


CGTCTTCCCG 


AGCGAAT^CG 


GTCTGCGCTG 


CGGGACGCGC 


GAATTGAATT 


•9 w U V/ 


ATGGCCCACA 


CCAGTGGCGC 


GGCGACTTCC 


AGTTCAACAT 


CAGCCGCTAC 


AGTCAACAGC 


O V? O W 


AACTGATGGA 


AACCTIGCCAT 


CGCCATCTGC 


TGCACGCGGA 


AGAAGGCACA 


TGGCTGAATA 


■J f 


TCGACGGTTT 


CCATATGGGG 


ATTGGTGGCG 


ACGACTCCTG 


GAGCCCGTCA 


GTATCGGCGG 


•J / o u 


AATTCCAGCT 


GAGCGCCGGT 


CGCTACCATT 


ACCAGTTGGT 


CTGGTGTCAA 


AAATAATAAT 


■7 R A O 
J 0 ^ U 


AACCGGGCAG 


GCCATGTCTG 


CCCGTATTTC 


GCGTAAGGAA 


ATCCATTATG 


TACT ATTT A A 




AAAACACAAA 


CTTTTGGATG 


TTCGGTTTAT 


TCTTTTTCTT 


TTACTTTTTT 


ATO ATnnnAr* 


•3 Q ^ A 


CCTACTTCCC 


GTTTTTCCCG 


ATTTGGCTAC 


ATGACATCAA 


C CAT AT C AG C 


A A A AnTfJATZi 




CGGGTATTAT 


TTTTGCCGCT 


ATTTCTCTGT 


TCTCGCTATT 


ATT rr* A A rT'f^ 


V* 1 V3 X X X^jVa X U 


4080 


i. X X 1 V_ 1 la/V 


t-AAAC X CGGA 


ACTTGTTTAT 


TGCAGCTTAT 


AATGGTTACA 


AATAAAGCAA 


4140 


TAGCATCACA 


TU^TTTCACAA 


ATAAAGCATT 


TTTTTCACTG 


CATTCTAGTT 


GTGGTTTGTC 


4200 


CA7VACTCATC 


AATGTATCTT 


ATCATGTCTG 


GATCCTCTAG 


AGTCGACCTG 


CAGGCATGCA 


4260 


AGCTGGCACT 


GGCCGTCGT 










4279 



(2) INFORMATION FOR SEQ ID NO : 2 : 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION:, /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
GAATACAAAG CTTATGCATG 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



GAATACAAAG CTT 



13 



(2) INFORMATION FOR SEQ ID NO : 4 : 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
AAAGCTTATG CATGCGGCCG 20 
(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CGGCCGCATC TAGAGGGCCC 20 
(2) INFORMATION FOR SEQ ID NO: 6; 

( i ) SEQUENCE . CHARACTERISTICS : 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
GCGGCCGCAT CTAGAGGGCC CGGAT 25 
(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc ^ "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
AATACAAAGC TTATGCATGC GGCC 
(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CH7VRACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AATACAAAGC TTATGCATGC GGCCGCATCT 
(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CATGCATAAG CTTTGTATTC 
(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQXJENCE CHARACTERISTICS: 



£^WO;98/5Sft44l 
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(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
AAGCTTTGTA TTC 13 
(2) INFORMATION FOR SEQ, ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CGGCCGCATG CATAAGCTTT 20 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO;12: 
GGGCCCTCTA GATGCGGCCG 20 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid. 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



ATCCGGGCCC TCTAGATGCG GCCGC 



25 



(2) INFORMATION FOR SEQ ID NO : 14 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GGCCGCATGC ATAAGCTTTG TATT 24 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic oligonucleotide" 



(xi) SEQtJENCE DESCRIPTION: SEQ ID NO:15: 
AGATGCGGCC GCATGCATAA GCTTTGTATT 30 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1798 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: mRNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GAAUACAAAG CUUAUGCAUG CGGCCGCAUC UAGAGGGCCC GGAUCCAAAU GGAAGACGCC 



60 
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AAAAACAUAA AGAAAGGCCC GGCGCCAUUC UAUCCUCUAG AGGAUGGAAC CGCUGGAGAG 120 
CAACUGCAUA AGGCUAUGAA GAGAUACGCC CUGGUUCCUG GAACAAUUGC UUUUACAGAU 180 
GCACAUAUCG AGGUGAACAU CACGUACGCG GAAUACUUCG AAAUGUCCGU UCGGUUGGCA 24 0 

GAAGCUAUGA AACGAUAUGG GCUGAAUACA AAUCACAGAA UCGUCGUAUG CAGUGAAAAC 300 
UCUCUUCT^U UCUUUAUGCC GGUGUUGGGC GCCGUUAUUU AUCGGAGUUG CAGUUGCGCC 360 
CGCGAAGCAC AUUUAUAAUG AACGUGTUVUU GCUCAACAGU AUGAACAUUU CGCAGCCUAC 420 
CGUAGUGUUU GUUUCCAAAA AGGGGUUGCA AAAAAUUUUG AACGUGCAAA AAAAAUUACC 48 0 

AAUAAUCCAG AAAAUUAUUA UCAUGGAUUC UAAAACGGAU UACCAGGGAU UUCAGUCGAU 540 
GUACACGUUC GUCACAUCUC AUCUACCUCC CGGUUUUAAU GAAUACGAUU UUGUACCAGA 600 
GUCCUUUGAU CGUGACAAAA CAAUUGCACU GAUAAUGAAU UCCUCUGGAU CUACUGGGUU 660 
ACCUAAGGGU GUGGCCCUUC CGCAUAGAAC UGCCUGCGUC AGAUUCUCGC AUGCCAGAGA 72 0 

UCCUAUUUUU GGCAAUCAAA UCAUUCCGGA UACUGCGAUU UUAAGUGUUG UUCCAUUCCA 780 
UCACGGUUUU GGAAUGUUUA CUACACUCGG AUAUUUGAUA UGUGGAtJUUC GAGUCGUCUU 84 0 

AAUGUAUAGA UUUGAAGAAG AGCUGUUUUU ACGAUCCCUU CAGGAUUACA AAAUUCAAAG 900 
UGCGXKJGCUA GUACCAACCC UAUUUUCAUU CUUCGCCAAA AGCACUCUGA UUGACAAAUA 960 

CGAUUUAUCU AAUUUACACG AAAUUGCUUC UGGGGGCGCA CCUCUUUCGA AAGAAGUCGG 102 0 

GGAAGCGGUU GCAAAACGCU UCCAUCUUCC AGGGAUACGA CAAGGAUAUG GGCUCACUGA 1080 

GACUACAUCA GCUAUUCUGA XKJACACCCGA GGGGGAUGAU AAACCGGGCG CGGUCGGUAA 114 0 

AGUUGUUCCA UUUUUUGAAG CGAAGGUUGU GGAUCUGGAU ACCGGGAT^AA CGCUGGGCGU 1200 

UAAUCAGAGA GGCGAAUUAU GUGUCAGAGG ACCUAUGAUU AUGUCCGGUU AUGUAAACAA 1260 

UCCGGAAGCG ACCAACGCCU UGAUUGACAA GGAUGGAUGG CUACAUUCUG GAGACAUAGC 1320 

UUACUGGGAC GAAGACGAAC ACUUCXKJCAU AGUUGACCGC XJUGAAGUCUU UAAUUAAAUA 1380 

CAAAGGAUAU CAGGUGGCCC CCX3CUGAAXJU GGAAUCGAUA XKJGUUACAAC ACCCCAACAU 1440 

CUOCGACGCG GGCGUGGCAG GUCIKJCCCGA CGAUGACGCC GGUGAACUUC CCX5CCGCCGU 1500 

UGUUGUUUUG GAGCACGGAA AGACGAUGAC GGAAAAAGAG AUCGUGGAUU ACGUCGCCAG 1560 

UCAAGXIAACA ACCGCGAAAA AGUUGCGCGG AGGAGUUGUG UUUGUGGACG AAGUACCGAA 1620 

AGGUCUUACC GGAAAACUCG ACGCAAGAAA AAUCAGAGAG AUCCUCAUAA AGGCCAAGAA 1680 

GGGCGGAAAG UCCAAAUUGU AAAAUGUAAC UGUAUUCAGC GAUGACX3AAA UUCUUAGCUA 1740 

UUGUAAUCCU CCGAGGGGGC GAGCUCCCAA AAAAAAAAAA AAAAAAAAAA AAAAAAAA 17 98 
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CLAIMS: 

1. A masked expression cassette comprising a double stranded nucleic 
acid molecule wherein a first strand comprises an RNA sequence which codes for 
a protein of interest linked downstream of a flanking sequence, and a translation 
initiation site operably inserted upstream of the RNA sequence; and, 

a second antisense strand bound to the flanking sequence wherein said 
second strand corresponds to an antisense oligonucleotide to a target molecule. 

2. The cassette of claim 1, wherein said cassette further comprises a 
7-methyl guanine cap linked to the 5' end of the flanking sequence. 

3. The cassette of claim 1, wherein said protein of interest encodes a 

toxin. 

4. The cassette of claim 1, wherein said target comprises an 
oligonucleotide which is tmique to neoplastic cells. 

5. A method for inhibiting the growth of neoplastic cells, said method 
comprising contacting said cells with a masked expression cassette comprising a 
double stranded nucleic acid molecule; 

wherein a first strand comprises an RNA sequence which codes for a 
protein of interest Imked downstream of a flanking sequence, and a translation 
initiation site operably inserted upstream of the RNA sequence; and, 

a second antisense strand bound to the flanking sequence, wherein said 
second strand corresponds to an antisense oligonucleotide to a target moleciile. 

6. The method of claim 5, wherein said cassette further comprises a 
7-methyl guanine cap linked to the 5' end of the flanking sequence. 
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7. The method of claim 5, wherein said translation initiation site 
comprises a Kozak sequence. 

8. The method of claim 5, wherein said protein of interest is a toxin. 

9. The method of claim 8, wherein said target comprises a nucleotide 
sequence which is unique to neoplastic cells. 

10. A method for controlling the expression of a protein of interest in 
the presence of a target molecule, said method comprising contacting a cell 
comprising the target molecule with a marked expression cassette comprising a 
double stranded nucleic acid molecule, wherein a first strand comprises an RNA 
sequence which codes for a protein of interest linked downstream of a flanking 
sequence, and a translation initiation site operably inserted upstream of the RNA 
sequence; and, 

a second antisense strand bound the flanking sequence wherein said 
second strand corresponds to an antisense oligonucleotide to a target molecule, 

1 1 . The method of claim 1 0, wherein said cassette further comprises a 
7-methyl guanine cap linked to the 5' end of the flanking sequence. 

12. The method of claim 10, wherein said protein of interest encodes a 

toxin. 

13. The method of claim 10, wherein said target comprises a 
nucleotide sequence which is xmique to neoplastic cells. 
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14. A method for producing a protein of interest in a specific organ, 
said method comprising contacting cells of said organ with a masked expression 
cassette comprising a double stranded nucleic acid molecule, wherein a first 
strand comprises an RNA sequence which codes for said protein of interest 
linked downstream of a flanking sequence, and a translation initiation site 
operably inserted upstream of the RNA sequence; and, 

a second antisense strand bound to the flanking sequence wherein said 
antisense strand corresponds to a target molecule specific to said organ, 

15. The method of claim 14, wherein said cassette further comprises a 
7-methyl guanine cap linked to the 5 '.end of the flanking sequence. 



